
UNCLASSIFIED

AD NUMBER
AD091844

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 18 APR
1956. Other requests shall be referred to
National Aeronautics and Space
Administration, Washington, DC.

AUTHORITY
NASA TR Server website; NASA TR Server
website

THIS PAGE IS UNCLASSIFIED



CON-FIDEN"iAL

Ar-med-ervices echnica normation gency
Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO

This document is the property of the United States Government. It is furnished for the du-
ration of the contract and shall be returned when no longr required, or upon recall by ATIA
to the following address: Armed Services Techaical Information Agency
Document Service Center, Knott Building, Dayton 2, Ohio.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPZCIFCATIONS OR OTHER DATA
AREURD FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFIITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS'
NO RESPONSIILiTY, NOR ANY OBLIGATION WHATSOEVZR; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, F IHED, OR IN ANY WAY SUPPLIED TU
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION TEAT MAY IN ANY WAY BE RELATED THERETO.

CONID_ENTIAL



,t-- I ',

,1

NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE

NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING

OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.
/

THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROlUITED BY LAW.

/i
9 ,9

0 1
- .'



27
CONFIDENTIAL Copy" -- ,RM L56BI0

RESEARCH MEMO

INVESTIGATION AT HIGH SUBSONIC SPEEDS OF THE EFFECT OF

* HORIZONTAL-TAIL LOCATION ON LONGITUDINAL AND LATERAL

STABILITY CHARACTERISTICS OF A COMPLETE MODEL

HAVING A SWEPTBACK WING IN A HIGH LOCATION

By H. Norman Silvers and Thomas J. King, Jr.

Langley Aeronautical Laboratory
Langley Field, Va.

CLASSIFIED DOCUMENT

This material contains informaiUon affecting the National Defense of the United States within the meaning
of the espionage laws, TAile 18, U.S.C., Secs. 793 And 794, the trasmlssion or revelation of which In any
manner to an unauthorized person is prohibited by law.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
April 18, 1956

CONFIDENTIAL - - ,- -j



NACA Rm L56BI0 COWI WIAL

NATIONAL ADVISORY COUTM FOR AERONAUTICS

RESEARCH IaEflMAw3

nETIGA TION AT HIGH SUBSONIC SPEEDS OF THE EFFECT OF

HORIZONTL-TAIL LOCATION ON LON ITU fAL AND LATERAL

STABILIT! CHARACTERISTICS OF A COMPLETE MODEL

HAVING A SWEPTBACK VING IN A HIHLOCATION

By H. Norman Silvers and Thomas J. King, Jr.

SUMMARY

An investigation was made at high subsonic speeds of the longitudinal
and lateral stability characteristics of a complete model having four
vertical locations of the horizontal tail and a sweptback wing located
in a high position on the fuselage. The wing had 450 of sweepback, an
aspect ratio of 4.0, and a taper ratio of 0.3. The results were obtained
in the Langley high-speed 7- by 10-foot tunnel at Mach numbers from 0.80
to 0.92.

The results show that longitudinal instability at moderate angles
of attack was avoided only by placing the horizontal tail below the wing
chord plane. At low lift coefficients, the contribution of the horizontal
tail to longitudinal stability was increased as the tail was moved to the
high or low positions. At the lowest test Mach number (K = 0.8) the
directional stability decreased appreciably with increasing lift coeffi-
cient for all horizontal-tail locations. Directional stability at high
lift coefficients improved with increasing Mach number, particularly when
the horizontal tail was mounted at the top of the vertical tail. At low
lift coefficients the contribution of the tail assembly to directional
stability was a minimum in a medium position (0.084 wing span above wing
chord plane). Moving the horizontal tail from the fuselage center line
to the top of the vertical tail resulted in a large increase in effective
dihedral, particularly at low lift coefficients.

INRODUETION

Many coordinated research programs have been undertaken in flight
and wind tunnels to develop the present understanding of aircraft
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2 COWIDENTIAL NACA IK L561O

stability problems at low speeds. The National Advisory Committee for
Aeronautics is presently extending available research results to high
subsonic and supersonic speeds. In reference 1 are presented the sta-
bility characteristics of a model at low speeds with various vertical
locations of the wing and horizontal tail. Similar results are presented
in reference 2 at supersonic speeds. The results in the present paper
were obtained at high subsonic speeds on a model having a 450 sweptback
wing located high on the fuselage. The effects of vertical location of
the horizontal tail and the various component parts of the model on
static longitudlnal and lateral stability characteristics are presented.

The purpose of the present paper is to present and discuss briefly
the experimental results of this investigation.

COEFFICIENTS AND SYMBOLS

All data are presented about the stability system of axes as shown
in figure 1. The pitching-moment coefficients are referred to the quarter
chord of the mean aerodynamic chord.

Lift
CL lift coefficient, qS

CD drag coefficient, Dra
qS

Cm pitching-moment coefficient, Pitchin moment
qSa

C1  rolling-moment coefficient, Rolling moment
qSb

Cn yawing-moment coefficient, Yawing moment

qSb

Cy side-force coefficient, Side force
qS

S wing area, sq ft

wing mean aerodynamic chord, 2 c2dy, ft

C local chord parallel to plane of symmetry, ft

CONFIDENTIAL
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b wing span, ft

dynamic pressure, P ib/sq ft

p mass density of air, slugs/cu ft

V free-stream velocity, ft/sec

M Mach number

R Reynolds number of wing based on

aangle of attack, deg

pangle of sideslip, deg

Ac/4 sweep angle of quarter-chord line, deg

y spanwise distance from plane of symmetry, ft

z horizontal-tail height from fuselage center line, positive
upward, ft

CL' lift-curve slope, 6M

CmCL pitching-moment-curve slope, aCCL

mCL horizontal-tail contribution to CfCLL, (CCL)WFVW -(CmCL)WFV

tACYP tail contribution to Cyp (CPWV - (CY)WF

A~nptail contribution to Cnp., (Cnp) .- (Cnp) WF

ACIOtail contribution to Cj,, (ciO)W - (CI) W

longitudinal location of effective tail center of pressure,
Cn- at a=o

COrW FITAL
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b vertical location of effective tail center of pressure,

Subscripts:

t tip

r root

denotes partial derivative of a coefficient with respect to2c,
sideslip angle; for example, Ci -

0 denotes values of a parameter at zero lift coefficient

= 00 value at angle of attack of 00

Designation of model components:

W wing

F fuselage

V vertical tail

V1 vertical tail + ventral fin

H horizontal tail

MODEL AND APPARATUS

A three-view drawing and tabulated geometric characteristics of the
model are presented in figure 2.

The wing was located in a high position such that the wing upper
surface at the plane of symmetry was approximately coincident with the
highest point on the fuselage. The wing was mounted with 0° incidence
and dihedral. Ordinates of the fuselage are presented in table I.

The four vertical locations of the horizontal tail are illustrated
in figure 3 and are designated low, center, medium, and high. These
designations are employed herein. The incidence of the horizontal tail
in each vertical location was 00.

CONFIDENTIAL
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The model was sting supported and data were obtained from a six-
component strain-gage balance located within the fuselage of the model.

TESTS

Longtu inal tests were made in the Langley high-speed 7- by 10-foot
tunnel at constant Mach numbers of 0.80, 0.85, 0.90, and 0.92 and at 0

sideslip through an angle-of-attack range from about -2o to about 230 atthe lowest Mach number. Lateral parameters were determined through the
angle-of-attack range at sideslip angles of +-4° . Lateral-parameter data
were obtained at the same Mach numbers and over approximately the angle-
of-attack range covered in tests at 00 sideslip. Tests were also made
at constant angles of attack of approximately0 O  13O. 16O, and 19P
through a range of sideslip angle from about .40 to about 12P. At the
highest Mach numbers both the angles of attack and angles of sideslip
of the model were restricted for structural reasons.

The investigations were performed on the complete model with four
vertical locations of the horizontal tail and with the horizontal tail
removed. In addition, lateral-parameter tests were performed on the
wing-fuselage combination and on the wing-fuselage combination with the
vertical tail plus the ventral fin. It should be noted that the ventral
fin was used as a support for the horizontal tail in the low position
and, except for a test with the horizontal tail off, was used only for
this location of the horizontal tail. Sideslip tests (-40 _ 0 _ 120)
were performed for two vertical locations (center and high) of the
horizontal tail.

The Reynolds number based on the mean aerodynamic chord varied with
Mach number as illustrated in figure 4.

C0RREXTIONS

Blockage corrections were applied to the results by the method of
reference 3. Jet-boundary corrections were applied to the angle of
attack and drag by the method of reference 4. The drag coefficients
were corrected for a longitudinal pressure gradient that exists in the
tunnel.

No sting interference tares were applied to the results. The drag
coefficients were adjusted to correspond to a condition of free-stream
static pressure at the base of the model.

COVIDEETAL
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No attempt was node to correct the results for aeroelastic distortion
of the model.

PRESENTATION OF RESULTS

The results of the investigation are presented in the figures which
are listed as follows:

Figure

Longitudinal characteristics of the model with various
vertical locations of the horizontal tail. . . . . . . . . . 5 to 8

Effect of tail height on longitudinal parameters . . . . . . . 9
Lateral stability parameters of the model without the

horizontal tail . .. .. .. .. .. .. .. .. .. .. ... i0

Lateral stability parameters of the model with various vertical
locations of the horizontal tail ... .............. iU

Effect of Mach number on variation of Cnp with CL ....... 12
Variation of static lateral stability parameters with horizontal-

tail height at low lift coefficients . . . . . . . . . . . . 13
Lateral characteristics of the model with two vertical locations

of the horizontal tail ..... ................... 1 to 17

DISCUSSION

Longitudinal Characteristics

In figures 5 to 8 are shown the longitudinal characteristics of the
model without a horizontal tail and with a horizontal tail in four verti-
cal locations. The pitching-moment results (figs. 7 and 8) show that
without a horizontal tail the wing-fuselage combination develops the
usual pitch-up tendency to be expected for the wing plan form used. It
is to be noticed that the wing-fuselage combination referred to consists
of the wing, fuselage, and the vertical tail. Pitch-up occurs near the
angle of attack where decreases in lift-curve slope are first indicated
(fig. 5).

The vertical location of the horizontal tail has a pronounced effect
on the pitch-up characteristics of the wing-fuselage combination. In
general, the horizontal tail in the high or the medium vertical location
(figs. 7 and 8) does not appear to improve the pitch-up characteristics.
The center and low locations of the horizontal tail (0.056b and 0.126b
below the wing chord plane, respectively) reduced the pitch-up tendencies
of the wing-fuselage combination at all Mach numbers with the best char-
acteristics being shown by the low tail.

CONFIDENTIAL
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The effects of horizontal-tail height on some longitudinhu charac-
teristics at zero lift are shown in figure 9. As the tail was raised
from the low to the high position, the pitching moment at zero angle of
attack varied from a negative value to a positive value, the magnitude
of the variation being somewhat greater at M - 0.90 than at M = 0.80.
This variation probably results chiefly from the stream pressure and
angularity field induced by the vertical tail and fuselage afterbody.
Large effects of horizontal-tail heiht on the pitching-moment slope

and the tail contribution are indicated in figure 9.( WL) LO
An increase in tail contribution to longitudinal stability resulted as
the tail was moved either above or below the wing chord plane, apparently
because of decreased downwash at the tail plane. When mounted on the
fuselage center line, the horizontal tail was approximately 70 percent
as effective as when mounted at the top of the vertical tail.

Lateral Characteristics

The lateral stability derivatives (fig. 11) indicate that at the
lowest test Mach number (M = 0.80) the directional stability of the
complete model with the horizontal tail at any of the vertical locations
investigated decreased rapidly as the lift coefficient was increased
above 0.8. This decrease is a result of a reduction in tail effectiveness,
since with the horizontal and vertical tails removed, relatively small
variations of Cn3 with CL are indicated (fig. 10). An indication

of the effects of Increasing the test Mach number from 0.80 to 0.92 is
illustrated for center and high tail locations in figure 12. For either
tail arrangement, directional stability at the higher lift coefficient
was improved as the Mach number increased. The improvements were small
for the center tail, but were of such magnitude for the high horizontal
tail that at a Mach number of 0.92, Cnp increased continuously over

the test lift-coefficient range.

At low lift coefficients, the magnitudes of the directional stability
of the complete model and of the tail contribution to directional sta-
bility (fig. 13) varied with tail height in much the same manner indicated
by previous low-speed tests (ref. 1). The curves in figure 13 have been
faired with solid lines only through the range from the center tail loca-
tion to the high tail with results for the low tail indicated by points
faired with a broken curve, since additional fin area had to be added to
provide a support for the low horizontal tail. Nevertheless, the results
for the low tail seem to follow the trend established by the other tail
arrangements. As would be expected from consideration of end-plate
effects, the directional stability is a minimum wh.n the horizontal tail
is in the medium position and is almost the same as the value with hori-
zontal tail removed (indicated by solid isolated symbols). At Mach

CONFIDENTIAL
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numbers of 0.8 and 0.90 the directional stability or the model with the
medium horizontal-tail location was about one-fourth of the directional
stability of the high tail arrangement. The tail contribution to the
directional stability of the medium tail coniguration was about 60 per-cent of the contribution for the high tail arrangement.

At low lift coefficients, an upward movement of the horizontal tail
increases the negative value of both the effective dihedral derivative
CIO and of the tail contribution to CIO. (See fig. 13.) This is
indicative of a possible upward movement of the center of the load due
to sideslip in addition to the increase in tail effectiveness. Figure 13
shows effective tail centers of pressure as determined from the tail
contribution to the stability derivatives. As the horizontal tail is
moved from the center to the high position an upward movement of center
of pressure equal to 1 percent of the wing span (40 percent of the
vertical tail span) is indicated. Only a slight fore and aft movement
is shown.

Variations of the lateral coefficients Cy, Cn, and C1 with side-
slip angle are presented in figures 14 to 17 for the complete model having
center and high tail locations. In general, the directional stability is
somewhat better at moderate angles of sideslip (50 to 100) than at low
sideslip angles for the center tail configuration; the high tail config-
uration, however, at m 190 becomes directionally unstable above
=8 ° at M = 0.80 and p-6' at M = 0.85. The rolling-moment

curves also are nonlinear, particularly in the angle-of-attack range
from 130 to 160. In this range, the effective dihedral at the higher
sideslip angles is somewhat larger than at low sideslip angles.

CONCLUSIONS

An investigation at high subsonic speeds of the longitudinal and
lateral stability characteristics of a complete model with varying vertical
location of the horizontal tail and a sweptback wing in a high location
on the fuselage indicates the following conclusions:

1. For the model configuration investigated, longitudinal instability
at moderate lift coefficients was avoided on3,y by placing the horizontal
tail below the wing chord plane.

2. At low lift coefficients, the contribution of the horizontal tail
to longitudinal stability was increased as the horizontal tail was moved
to high or low positions. 'hen mounted on the fuselage center line the
horizontal tail was 70 percent as effective as when mounted at the top
of the vertical tail.

CO N M~AL
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3. At the lowest test Mach number (4 - 0.80), the directional sta-
bility decreased appreciably at the higher lift coefficients for all
horizontal-tail locations. Directional stability at high lift coeffi-
cients improved with increasing Mach number, particularly when the hori-
zontal tail was mounted at the top of the vertical tail.

4. At low lift coefficients, the directional stability and the
contribution of the tail assembly to directional stability was a minimum.
when the horizontal tail was mounted in a medium position (0.084 wing span
above wing chord plane). For this tail arrangement the directional sta-
bility and the contribution of the tail assembly to the directional sta-
bility were about 25 and 60 percent, respectively, of that obtained when
the horizontal tail was mounted at the top of the vertical tail.

5. As the horizontal tail was moved from the fuselage center line
to the top of the vertical tail, the effective center of pressure of the
load due to sideslip was raised by an amount equal to 11 percent of the
wing span or 40 percent of the vertical-tail span. This change in center
of pressure, along with the increased tail effectiveness resulted in a
large increase in effective dihedral, particularly at low lift coefficients.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., January 30, 1956.
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TABLE r

FUSELA GE ORDINATES

54.72
4127

Cylindrical section

OrdinG tes , in.

St tion Radius

0 0
200 .53
4.00 z0
6.00 1.44
8.00 1.80

/0.00 2.07
12.00 230
14.00 2.42
1600 2.47
17.50 2.50
41.27 2.50
43.27 2.42
45.27 2.35
4727 2.25
48.30 2.14
54.72 165
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YawingSide force

Drag

Relt ive wind

Figure 1.- Stability system of axes. Positive directions of forces, mcuaents,
and angles are indicated by arrows.
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.3
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Ma ch nwmberM

Figure 4, Variation with Mach number of Reynolds number (based on wing

mean aerodynamic chord).
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